Abstract | The incidence of testicular cancer has been increasing over the past several decades in many developed countries. The reasons for the increases are unknown because the risk factors for the disease are poorly understood. Some research suggests that in utero exposures, or those in early childhood, are likely to be important in determining an individual's level of risk. However, other research suggests that exposure to various factors in adolescence and adulthood is also linked to the development of testicular cancer. Of these, two adult occupational exposures-fire fighting and aircraft maintenance-and one environmental exposure (to organochlorine pesticides) are likely to be associated with increased risk of developing testicular cancer. By contrast, seven of the identified factors-diet, types of physical activity, military service, police work as well as exposure to ionizing radiation, electricity and acrylamide-are unlikely to increase the risk of developing testicular cancer. Finally, seven further exposures-to heat, polyvinyl chloride, nonionizing radiation, heavy metals, agricultural work, pesticides and polychlorinated biphenyls as well as marijuana use-require further study to determine their association with testicular cancer.
Introduction
Testicular cancer is the most common neoplasm among young men aged 15-40 years in many parts of the world. 1 The majority (98%) of testicular cancers are germ cell tumours; 2 for this reason the terms testicular germ cell tumour (TGCT) and testicular cancer are often used interchangeably. Germ cell tumours can be grouped histologically into seminomas, nonseminomas and spermatocytic seminomas. 3 Unlike most cancers that occur in adulthood, the incidence of testicular cancer does not increase with age. The peak ages of occurrence are 25-29 years for nonseminomas and 35-39 years for seminomas. 4 In contrast to other germ cell tumours, spermatocytic seminomas are less aggressive, do not appear to share common risk factors with seminomas and nonseminomas and have an older peak age of occur rence of 50-54 years. 2 Spermatocytic seminomas are also much less common, comprising only 0.6% of all germ cell tumours, while seminomas comprise 56% and non seminomas, 43%. 2 The small percentage (2%) of testicular cancers that are not germ cell tumours include stromal tumours, such as Leydig cell and Sertoli cell tumours, as well other rare or poorly defined histologic types. 2 Men in Scandinavian countries, in particular Norway and Denmark, have the highest incidence of testicular cancer in the world (Figure 1) . 1 By comparison, inci dence rates are very low in Asian and African coun tries. Although the incidence of testicular cancer has been increasing in the developed world for at least four decades, 1 mortality rates have declined since the 1970s owing to major improvements in chemotherapeutic regimes. 5 The 5year relative survival rate for testicular cancer diagnosed in the USA between 2001 and 2007 is 96.4%. 2 Regardless of the overall risk in a particu lar country, incidence rates vary by ethnic group. For example, white men of European descent, wherever they live, are more likely to develop testicular cancer than black or Asian men living in the same geographic region. 6 In addition, white men have experienced the greatest increases in incidence throughout the late 20th century than any other ethnic group. In a number of countries, analyses of testicular cancer incidence trends have found them to be more consistent with a birthcohort effect than with a calendarperiod effect. These observations suggest that any risk factor behind the increasing incidence of this cancer would probably be an exposure that varied by birth year. 4, 7, 8 For example, men born during World War II in Denmark had a lower risk of testicular cancer at all ages than men born in the preceding or succeeding periods. 9 The reasons for these lower rates remain unclear.
In line with these observations, the prevailing hypoth esis of the aetiology of testicular cancer is that risk is largely or solely determined in utero. Certainly, a strong relationship between a congenital anomaly (crypt orchidism) and testicular cancer is evident. 10 However, the risk factors for testicular cancer are not well char acterized. The only other factors clearly associated with risk are prior unilateral testicular cancer, a family history of testicular cancer and increased adult height (Table 1) . Among these factors, the greatest relative risk is con ferred by having a brother with testicular cancer, which increases an individual's risk approximately tenfold, metaanalyses of perinatal factors found that, in addition to cryptorchidism, the factors most consistently associ ated with increased risk of testicular cancer are prior inguinal hernia, low birth order, maternal bleeding, small sibship size and being a twin. 10, 17 These metaanalyses also provided tentative support for links between testicu lar cancer and low birthweight as well as shorter gesta tional age. The proposed relationship between earlylife risk factors, congenital anomalies and testicular cancer was further expanded by the testicular dysgenesis syn drome (TDS) hypothesis.
18 TDS is thought to include four conditions-testicular cancer, cryptorchidism, hypospadias and impaired spermatogenesis-that are linked by a common in utero aetiology.
However, the existence of an initiating in utero event does not preclude the possibility that other factors contribute to the development of testicular cancer. As seminomas and nonseminomas in young men seem to arise from testicular carcinoma in situ, 19 these lesions could conceivably develop into testicular cancers once exposed to asyetundetermined risk factors. Possible non perinatal risk factors studied by a number of groups include diet, involvement in specific types of physical activity, and occupation, as well as exposures to pesticides, heavy metals, heat and drugs.
In this Review, we summarize the emerging evidence in support of these nonperinatal risk factors. Perinatal factors will not be included herein as these factors have been discussed in detail elsewhere. 10, 17, 20, 21 Diet An epidemiological investigation conducted in 1975 was one of the first studies to examine a possible nutritional aetiology of testicular cancer. 22 The study reported that total dietary fat levels were highly correlated with the incidence of this neoplasm (r = 0.76). A subsequent study, published in 2002, replicated the finding of a correlation with high fat intake (r = 0.77) and also identified correla tions with increased consumption of cheese (r = 0.80) and milk (r = 0.74). 23 The correlations with increased con sumption of dairy products are not surprising, especially given that the intake of milk and cheese is highest in the Scandinavian countries, which also have the highest risks of testicular cancer; dairy consumption is the lowest in Asian and African countries, where the incidence of tes ticular cancer is the lowest. 24 Individuals of Asian and African descent tend to become lactose intolerant with age, whereas white Northern European populations do not and, therefore, continue to consume milk through out their lives. 24 However, whether continued consump tion of dairy products (or the genetic ability to keep on producing lactase) is associated with testicular cancer cannot be definitively determined from ecologic studies.
Several case-control studies have examined milk, cheese and dietary fat intake as risk factors for the development of testicular cancer. Although one small (n = 160 patients with testicular cancer) study conducted in a North American population reported a statistically significant association with dietary fat intake, 25 another North American study of similar size reported no such association. 26 Similarly, high cheese intake was reported to be associated with the risk of developing testicular cancer in a North American study, 27 but this association was not supported in a study from the UK. 28 High milk intake had a statistically significant association with the risk of developing TGCT in studies from the UK 29 and Germany, 30 but these results were not reproduced in five other studies from the USA, Canada and Europe. [25] [26] [27] 31, 32 In addition, no association between total dairy food consumption and the risk of TGCT was found in three studies. 27, 28, 32 Taken as a whole, these studies do not provide conclusive evidence of a relationship between the risk of TGCT and increased consumption of dairy products or fat.
Other dietary factors have also been investigated, albeit to a lesser extent. For example, a statistically sig nificant association was found between high intakes of cholesterol, meat, calcium, fibre and fruit and the risk of developing testicular cancer in one study, 25 but these associations have yet to be replicated. Two studies reported no association with cholesterol intake, 26, 33 whereas another two studies found no support for an association with either meat 31 or fibre 26 intake. The observed inconsistency between the findings of dietary studies might possibly be explained by their primary focus on the adult diet. Given the relationship between testicular cancer and increased adult height, which is an anthropometric feature related to childhood diet, examinations of earlylife diet could potentially be more illuminating than those of adult dietary factors. Unfortunately, the studies that have focused on early life diet have also reported inconsistent results. 29, 30, 32 In recognition of the scant evidence that dietary factors are associated with TGCT, a joint review conducted by the World Cancer Research Fund and American Institute of Cancer Research in 2007 concluded that the current evidence did not warrant a thorough investiga tion of the potential links between food, nutrition and testicular cancer. 34 
Physical activity
The relationship between types of physical activity and risk of testicular cancer has been examined from both recreational and occupational perspectives. Early studies examined a range of sports, and observed increased risk with riding sports, including motorcycle, bicycle and horseback riding. An early recreational activity study conducted in Canada found that bicycle riding and horseback riding were both associated with statisti cally significant increased risks of testicular cancer, but motorcycle riding was not. 35 By contrast, a second study 10 years later by the same group using different question naires found that bicycle riding was associated with a sig nificantly decreased risk of testicular cancer. 36 However, two US studies found no association between bicycle riding and testicular cancer. 37, 38 One of these studies also found no association with motorcycle riding, 37 whereas the other found that horseback riding was associated with a decreased risk. 38 Overall, the results of studies on riding sports do not support an association with testicular cancer.
Similarly, little evidence suggests that total recreational physical activity levels are associated with the risk of testicular cancer. Of the five studies that examined this factor, one reported an increased risk, 39 two reported a decreased risk 36, 40 and two reported no association. 41, 42 Studies of occupational physical activity levels have been similarly inconsistent. One study reported a decreased risk of testicular cancer in men with increased occupa tional activity, 43 whereas another reported an increased risk 39 and three reported no association. 36, 42, 44 These differences might be explained by the way in which the various studies have grouped physical activity levels. For example, physical activity is commonly grouped by occupation with office workers falling into a seden tary category whereas bluecollar workers are placed in a physically active category. The amount and type of activity done in association with certain occupations also varies widely, as does the frequency of activity. In summary, the bulk of the available evidence finds little support for an association between both the type and level of physical activity and testicular cancer. Physical activity affects various physiological factors, such as hormone levels, body fat percentage, adipokine levels, insulin resistance, insulinlike growth factor levels, pulmonary function, vitamin D levels, inflamma tion and oxidative stress; 45 any or all of these might be directly or indirectly associated with cancer of any organ. With respect to testicular cancer, a postulated effect on hormone levels might be the most likely mechanism mediating an influence on risk. However, whether physi cal activity has a strong effect on hormone levels in men remains unclear. 46 Other mechanisms that have been pos tulated to explain a possible link between physical activity and testicular cancer are testicular trauma and heat.
Heat
Evidence gathered in the 1960s that high temperatures adversely affect spermatogenesis and cause changes to the germinal epithelium [47] [48] [49] [50] spurred an interest in heat as a potential risk factor for testicular cancer. To examine this hypothesis, several case-control studies have examined the relationships between underwear type and bathing and risk of TGCT. 37, [51] [52] [53] No relationship between tes ticular cancer risk and tightfitting underwear has been reported to date. [51] [52] [53] Bathing, rather than showering, had a statistically significant association with risk in one study, 37 but not in two others. 51, 52 Interestingly, a study of occupational exposure to heat found an increased risk of testicular cancer in men exposed to both elevated tem peratures (≥80 °F) and reduced temperatures (≤60 °F). 54 Several other occupational studies suggested that men working in maintenance at paper and pulp mills 55 and ferrosilicon plants 56 are at increased risk of testicular cancer, possibly because of high working temperatures. However, separating the effects of heat from those of other exposures in these settings is difficult. In addi tion, some researchers have suggested that the observed increased risk of TGCT among fire fighters could be related to heat exposure. 57 However, this association has only been observed in studies published after 1995, [50] [51] [52] [53] [54] suggesting that fire fighters' increase in risk is attributable to use of new building materials 58 rather than exposure to heat. Taken as a whole, the evidence that heat is a risk factor for testicular cancer is unconvincing. Several addi tional occupational associations indicate that heat expo sure might be related to the risk of TGCT, suggesting that further investigation of this hypothesis is warranted.
Occupational risk factors
Many occupational studies are not wellsuited to examine testicular cancer because they are designed to evaluate mortality rather than the incidence of this malignancy. Testicular cancer mortality rates have declined sharply in developed countries over the past four decades 59 such that the use of mortality as an end point has become suboptimal. Nevertheless, occupational associations with testicular cancer have been suggested by a number of incidence studies. Although some occupational exposures can also involve environmental factors, the most extreme (in terms of concentration) exposures to these factors tend to occur in occupational settings.
Fire fighting
The association of testicular cancer with fire fight ing originates from reports of a statistically significant increased risk of this neoplasm among fire fighters in New Zealand. 58, 60 This association was supported by sub sequent studies in California 61 and Florida, 62 which also found significantly increased risks of testicular cancer, as well as a study in Germany that reported a trend towards an increased risk. 63 By contrast, a number of studies con ducted before 1995 found that fire fighters were not at an increased risk of developing testicular cancer. [64] [65] [66] [67] [68] These differences between the findings of early (negative) versus later (positive) studies might be related to changes in building materials commonly used at the time. 58 Two subsequent reviews of the risk of testicular cancer among fire fighters concluded that there was a "probable asso ciation" 69 and a "preponderance of evidence" 70 that sup ported the presumption of causation. An association of this occupation with the risk of testicular cancer might be related to exposure to a wide variety of carcino genic substances, including benzene and polycyclic aromatic hydrocarbons. 71 Military service and aircraft maintenance The risk factors associated with military service, mainly in the USA, have been examined in a number of studies. Among 12 USbased studies, five reported that service men were at a significantly increased risk of developing testicular cancer, [72] [73] [74] [75] [76] whereas two reported a decreased risk 77, 78 and five reported no association. [79] [80] [81] [82] [83] Of the five studies that found a positive correlation, three noted that the risk was increased primarily among pilots or aircrew. 72, 73, 75 One of the studies that found no overall association did report an increased risk among avia tion mechanics and aircraft maintenance technicians. 80 Although speculative, exposure to hydrocarbon carcino gens via degreasing agents and lubricating oils might be a common exposure among those with increased risk. 80 Two of the other positive studies linked the increased risk to military service in either the Vietnam War 74 or the Gulf War of 1990-1991. 76 However, other studies of Vietnam veterans 79 and Gulf War veterans, 81, 82 reported no such association. What exactly these men had been exposed to and how that might increase their risk of tes ticular cancer is unclear. Indeed, although Agent Orange has been linked to other cancers among Vietnam vet erans, 84 studies of men likely exposed to Agent Orange in Vietnam have not supported an association with testicular cancer. 85 Among the five studies of nonUS military service men two found a significantly increased risk of devel oping TGCT, 86, 87 two studies 88, 89 reported trends toward increased risks and one study 90 reported a considerable decreased risk. Compared to the general population, a statistically significant increased risk of testicular cancer was reported among men in the British Royal Air Force, with the highest risk observed in men who worked on aircraft. 86 Similar results were found in a case-control study that examined the risk of testicular cancer among British Royal Navy personnel by occupational title. 87 Men in aviationrelated occupations had double the risk of testicular cancer compared to controls (who also served), with aircraft handlers having a sevenfold increase in risk of this malignancy.
The increased risk of testicular cancer among mili tary personnel involved in aircraft maintenance or operation prompted several studies of civilian aircrew and aircraftmanufacturing workers for comparison. A study of Canadian commercial pilots found these men had an increased, albeit not statistically significant, risk of developing testicular cancer compared with men in the general population. 91 A similar association was found in a study of Bulgarian aircraft workers 89 and a US study of F4 Phantom jet repairmen. 92 Finally, a study of mortality in aircraft workers at a manufacturing facil ity in California 93 reported a significant increase in risk of death from testicular cancer among men exposed to mixed solvents, which was confirmed upon additional followup of the same cohort. 94 Overall, the evidence suggests that either working on or operating aircraft is associated with an increased risk of testicular cancer. What the specific exposure might be is uncertain, but has been speculated to be hydrocarbon carcinogens, such as methylcholanthene, which induces testicular tumours in animals. 80 Alternatively, exposure to glycol ethers in aviation fuel has also been suggested. 87 Electrical work A 1991 populationbased case-control study reported an increased risk of testicular cancer among electricians in WA, USA. 95 By contrast, other studies of electricians in Norway 96 and New Zealand 97 did not support this finding. However, in a study of non occupational expo sure to electrical sources, electric blanket use was associ ated with a marginal increase in risk of nonseminoma. 98 Despite this finding, overall, little evidence suggests that electricians or persons chronically exposed to electrical sources are at an increased risk of testicular cancer.
Law enforcement
Concern about testicular cancer among policemen arose in the early 1990s when clusters of cases were reported in two police departments in the USA. 99 These offi cers shared the occupational practice of resting speed radar guns (which emit microwave frequency radia tion) in their laps while in the 'on' position. The inci dence of testicular cancer among these policemen was significantly increased (ratio of observedtoexpected cases = 6.9). An additional study of police officers in ON, Canada, reported only a trend towards an eleva tion in risk of developing testicular cancer. 100 Other studies of police officers have reported some differences from the general population in mortality for cancers in other organs or tissues. However, these studies have not reported any increased risk of mortality related to testicular cancer. [101] [102] [103] [104] [105] Concerns over police exposure to microwave radiation from radar devices led the US National Institute for Occupational Safety and Health to review these data; they concluded that the evidence was insufficient to determine whether these devices caused an increased cancer risk. 106 Heavy metal extraction and industries Metals extracted from the earth and used in industry are globally distributed pollutants that tend to accumulate in human tissues. Importantly, many heavy metals have the potential to cause toxic effects at low concentrations. Indeed, mining and manufacturing activities involving zinc and cadmium might be aetiologically relevant to testicular cancer given that these metals in particular have special affinity for the testes. 107 Cadmium is classi fied as a group 1 carcinogen by the International Agency for Research on Cancer and, in animal studies, has dele terious effects on the testes. 108 However, direct evidence of a link between either zinc or cadmium exposure and testicular cancer in humans has not been ascertained. An ecologic study in The Netherlands and Belgium of various malignancies in municipalities either close to or distant from a cadmium smelter found no difference in the incidence of all cancers evaluated (lung, kidney, bladder, prostate, testis and breast). 109 Similarly, a casecontrol study from The Netherlands reported no tes ticular cancers among men with occupational exposure to cadmium. 110 In other studies of heavy metal exposure, an excess incidence of testicular cancer was reported among 8,530 ferrosilicon and silicon metal furnace workers in Norway (standardized incidence ratio [SIR] 2.30). The carcinogenicity of ferrosilicon is not welldefined, but the manufacturing process can include exposure to asbestos, crystalline silica, nonionizing radiation and heat. 56 A case-control study of metal workers in Germany supported a link between heavy metal expo sure and testicular cancer, although the exposure defini tion in the study was rather broad. 107 Metal workers were defined as skilled individuals directly exposed to metals or metal dust for at least 3 years, including locksmiths, car mechanics, electricians, turners, mold makers and installers as well as technicians in the radio and tele vision industry. Other components of these occupations, such as heat and other agents commonly used, might also have a role in their association with testicular cancer and cannot be ruled out.
Although some studies support an increased risk of testicular cancer in men exposed to heavy metals, ade quate data on which to base a conclusion are lacking. Speculatively, the mechanisms by which exposure to heavy metals could influence testicular cancer risk likely depend on the metal being processed. Furthermore, the exposure to gases, fumes, dust, manual labour and heat, which coincide with metal work, cannot be ruled out as potentially carcinogenic.
Industrial plastic manufacturing
Exposure to polyvinyl chloride (PVC) plastics is commonplace for many industrial workers. One population based case-control study utilizing Swedish Cancer Registry data reported an increased risk of testic ular cancer among workers in plastics compared with the general population, and a more than sixfold risk among workers specifically exposed to PVCs (over the course of their lifetime). 111 In another populationbased casecontrol study from Sweden, which defined exposure based on a jobexposure matrix that included detailed information on PVC exposure and classified exposure into finer categories of intensity, probable exposure to PVC was associated with a modestly increased risk of testicular cancer (odds ratio = 1.35) 112 but, unexpectedly, the greatest increases in risk (odds ratio = 2.50) were observed for categories of exposure relating to less than the daily handling of PVC. In contrast to the Swedish studies, a Norwegian occupational cohort study of 428 vinyl chloride workers followed up for 23 years, recorded only one case of testicular cancer. 113 However, the small size of the cohort might have hampered detection of an association. Although the data are limited, the available studies do suggest that an increased risk of testicular cancer is associated with occupational exposure to PVCs. The mechanism underlying this association is unclear; however, phthalates (plasticizers with documented oestro genic effects) 114 are a component of PVCs and are used in their production. These compounds might be involved in carcinogenesis.
Acrylamide is a substance widely used in the manu facture of watersoluble polymers used in water treat ment, paper milling and sugar processing, exposure to which has been evaluated in two studies by the same group. An initial report included workers at three US plants that manufacture acrylamide and other products (including industrial coatings, electronics and inks) 115 whereas a second report extended the followup of these US workers and added workers from a plant in The Netherlands. 116 Mortality from testicular cancer was not associated with occupational exposure to acrylamide in either study. 115, 116 Radiation Electromagnetic radiation is classified as either non ionizing or ionizing, based on its capability to ionize atoms and break chemical bonds. Electromagnetic waves with frequencies in or above the ultraviolet range are classified as ionizing radiation. The majority of studies on testicular cancer have focused on occupa tional exposure to this type of radiation. A systematic review of these studies concluded that the available data offer little support for an association between occupa tional exposure to ionizing radiation and either the inci dence of or mortality from testicular cancer (31 studies in total). 117 In agreement with these data, researchers who assessed data from the US Radiologic Technologists Health Study Cohort reported that the incidence of testicular cancer was not significantly elevated among technologists followed up for 15 years (SIR = 1.32, 95% CI 0.76-2.13). 118 The current evidence, therefore, does not support an association between testicular cancer and ionizing radiation.
Comparatively few studies have evaluated the effects of nonionizing radiation. Although the same systematic review also identified an association between occupa tional nonionizing radiation exposure and an increased risk of testicular cancer, this conclusion was based on data from only nine studies (five case-control and four cohort studies), 117 the majority of which had fewer than 120 cases (only one study included 607 cases). 119 Some of these studies evaluated verylowintensity exposure, such as work in front of a visual display unit or in complex electrical environments (for example, computer rooms or telephone switchboards), whereas other studies exam ined highintensity sources, such as exposure to police radar units, airplanes, airports and ship or military radar. The study with the largest number of cases reported increased risk with both moderate (0.084-0.115 μT) and high (>0.116 μT) exposure categories, but no dose response association. 119 The largest risk was observed in the previously mentioned study of police officers in WA, USA that included highintensity exposure that was most likely proximal to the testes. 99 The sum of the epidemio logical data suggests that nonionizing radiation might be associated with a slightly increased risk of testicu lar cancer, although these results require validation in future studies.
Agricultural work and pesticide application Several, [120] [121] [122] [123] although not all, [124] [125] [126] [127] studies conducted prior to 1990 suggested a link between employment in the agricultural sector and an increased risk of tes ticular cancer. A metaanalysis of 11 studies of cancer risk among farmers, published in 1992, found no evi dence of increased risk of testicular cancer, 128 and an expanded metaanalysis of 14 studies conducted 6 years later reached the same conclusion. 129 As exposure in the farm setting might affect all males living in this environ ment, studies of testicular cancer among sons of farmers have also been conducted, although these have provided inconsistent results. A study from Norway 130 reported an increased incidence of testicular cancer in farmers' sons, whereas studies from Denmark 131 and the USA 132 have not replicated this finding.
The null results of the metaanalyses of testicular cancer risk among farmers does not preclude the pos sibility that exposure to certain agricultural chemicals, such as fertilizers and pesticides, might be associated with an increased risk of this malignancy. Attempts to examine a possible association with workrelated exposure to pesticides have been made in both general occupational studies and in studies focused on pesticide applicators. For example, at least one general occupa tional study of testicular cancer in Finland reported a statistically significant increased risk among workers exposed to pesticides, although the results were based on a small number of testicular cancers. 133 Among the studies of pesticide applicators, an early report of an increased risk of testicular cancer among Swedish workers 127 was not confirmed upon further followup of the cohort. 134 However, excess risk was found among pesticide applicators in the USA 135 and the UK. 136 Indeed, geographical differences in risk are not entirely unex pected because pesticide applicators are likely to have different exposures in various regions, owing to differ ences in the kinds of pests encountered, chemicals and formulations used as well as differences in national regu lations on the pesticides themselves. The results among pesticide applicators suggest that indepth study of this occupational group might be useful.
Environmental exposure to organochlorines
Molecular epidemiological examinations of serum levels of pesticides, which began to be reported in the early 2000s, are a somewhat better indication of environ mental exposure than questionnairebased estimates to these agents. The pesticides that have been most com monly examined in this type of study to date have been the organochlorine compounds. The organochlorines are among the oldest pesticides used and are persistent, both in the environment and in human adipose tissue. 137 In addition, organochlorine compounds can mimic sex steroid hormones and might, therefore, alter gene expres sion patterns that are important in urogenital develop ment and homeostasis. 138, 139 The endocrinedisrupting properties of organochlorines have made them primary compounds of interest in studying the aetiology of tes ticular cancer. Of note, all the molecular epidemiology studies of organo chlorine exposure, to the best of our knowledge, are general population, case-control studies that lack information on the settings in which the par ticipants were exposed; nonetheless, the majority of par ticipants in these studies were unlikely to have ever been employed as pesticide applicators.
Organochlorine pesticides include dichlorodiphenyl trichloroethane (DDT) and its most persistent metabo lite dichlorodiphenyldichloroethylene (DDE), as well as chlordane, mirex and βhexachlorocyclohexane (HCH) and many others. To date, eight reports have examined whether serum levels of organochlorine pes ticides and their metabolites are associated with testic ular cancer. 53, [140] [141] [142] [143] [144] [145] Six reports included men who had been, or subsequently were, diagnosed with testicular cancer, 53, [140] [141] [142] [143] 145 whereas three reports included mothers of sons who developed testicular cancer. 140, 141, 144 A review of these studies 146 noted that all four studies that exam ined DDT and DDE 140, 142, 143, 145 reported null associations with DDT. However, three of the four studies reported DDE results that were consistent with a positive asso ciation with testicular cancer; 140, 143, 145 the two studies that included prediagnostic serum samples provided the strongest evidence. 143, 145 A subsequent study also supported an association with DDE. 53 Three molecular epidemiological studies have assessed polychlorinated biphenyl (PCB) exposure, both as indi vidual congeners and as functional groups included in other compounds, in relation to testicular cancer. 141, 145, 147 A US study reported consistent inverse associations of testicular cancer with both PCB congeners and func tional groups. 147 However, these findings were not sup ported by the results of studies conducted in Sweden 141 or Norway, 145 although the European studies had much smaller sample sizes and only the Norwegian study included prediagnostic samples, which makes strict comparisons difficult. Regardless of these differences, little evidence currently supports the premise that PCB exposure increases the risk of testicular cancer, and some evidence suggests that exposure to these agents might actually decrease the risk of testicular cancer.
147
Cyclodienes derived from hexachlorocyclopentadiene, including chlordane, heptachlor, dieldrin and mirex, have been assessed in relation to testicular cancer. Chlordane and its derivatives (oxychlordane, cisnonachlor, trans nonachlor and MC6) have been assessed in at least four molecular epidemiological studies, 140, 142, 143, 145 of which all but one 142 supported associations between both cisnon achlor and transnonachlor and increased risk of testicular cancer. Conversely, little evidence indicates that oxychlor dane and MC6 are associated with TGCT, as is also the case for other important hexachlorocyclopentadiene derivatives (heptachlor, dieldrin and mirex).
γHCH and a byproduct of its production, βHCH, have been examined in two molecular epidemiological studies. 126, 145 Only one of these studies found evidence of an increased risk of TGCT with βHCH. 142 Neither study found evidence of an association with γHCH. The fungicide hexachlorobenzene has been assessed in four studies, 53, 140, 142, 145 although only one 53 suggested a pos sible association with testicular cancer, albeit based on a small sample size.
Current evidence suggests that of the organochlorine pesticides examined, only DDE and chlordanes, particu larly cisnonachlor and trans-nonachlor, are associated with an increased risk of testicular cancer. The collective evidence does not support an association between tes ticular cancer and DDT, oxychlordane, MC6, heptachlor, dieldrin, mirex, HCB or HCH. Interestingly, PCBs have been both inversely and positively associated with TGCT and, therefore, require further investigation.
Box 1 | Putative risk factors for testicular cancer
Likely to be associated ■ Firefighting 58, [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] ■ Aircraft maintenance 80, [85] [86] [87] [88] [89] [90] [91] [92] [93] [94] ■ Some organochlorine compounds 53, [140] [141] [142] [143] [144] [145] Unlikely to be associated ■ Diet [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] ■ Specific forms of physical activity [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] ■ Ionizing radiation 117, 118 ■ Military service [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] [86] [87] [88] [89] [90] ■ Electrical exposures [95] [96] [97] [98] ■ Police work [99] [100] [101] [102] [103] [104] [105] [106] ■ Acrylamide exposure 115, 116 In need of additional study ■ Heat 37, [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] ■ Polyvinyl chloride [111] [112] [113] [114] ■ Nonionizing radiation 99, 117, 119 ■ Heavy metal exposure 56, [107] [108] [109] [110] ■ Agricultural employment [120] [121] [122] [123] [124] [125] [126] [127] [128] [129] [130] [131] [132] ■ Pesticide application [133] [134] [135] [136] ■ Polychlorinated biphenyls 141, 145, 147 ■ Marijuana use 152, 153 
REVIEWS

Drug use
Cocaine and cannabinoids both impair spermato genesis in experimental animals. 148, 149 Few studies of their cor responding effects on humans have been conducted, although men who are chronic users of marijuana have lower testosterone levels than nonusers. 150 In addition, an autopsy study showed that men addicted to a variety of drugs and alcohol were more likely than the general population to have testicular pathology. 151 In line with these observations, two case-control studies from the USA found an increased risk of testicular cancer, in particular nonseminoma, among individuals with fre quent and longterm marijuana use. 152, 153 Although these findings are suggestive of an association with testicular carcino genesis, further studies are required to confirm any association.
Conclusions
Testicular cancer incidence has been increasing for the past four decades, yet the associated risk factors remain poorly defined. Although a large body of evidence sug gests that most testicular cancers are initiated in utero, studies of other risk factors also indicate a role for non perinatal exposures (Box 1). Factors unlikely to be asso ciated with the risk of testicular cancer include adult dietary components and some forms of physical activity, as well as occupational exposure to ionizing radiation, electrical sources and acrylamide. Factors that require additional study include occupational exposures to PVC, nonionizing radiation, heavy metals and heat, as well as environmental exposure to PCBs; the risks asso ciated with agricultural work and longterm marijuana use also require further study. Two occupations-fire fighting and aircraft maintenance-are likely to be asso ciated with testicular cancer, as is environmental expo sure to specific organochlorine compounds (Box 1). Of course, organochlorine pesticide exposure could also occur in utero, and could act as both a perinatal and non perinatal risk factor.
In terms of attributable risk, fire fighting and aircraft maintenance are unlikely to contribute greatly to the overall risk of testicular cancer in a given population. Additionally, exposure to burning building materials is not a common exposure. Pesticide exposure, by contrast, is very widely dispersed in populations and might, there fore, be responsible for a larger proportion of the attrib utable risk. Further study into these, as well as other as yet unidentified exposures, will certainly be required to fully understand the aetiology of testicular cancer. Given the low incidence of testicular cancer in all countries, collaborative investigations that pool data from a number of countries are strongly encouraged.
Review criteria
We conducted two searches of the PubMed and MEDLINE databases using the keywords: (testicular OR testis) AND (cancer OR tumour OR cancers OR tumours) AND (environment* OR exposure* OR exposed OR pesticide* OR food OR drug OR drugs OR metal OR metals) AND (epidemiology OR case-control OR cohort OR "odds ratio" OR "hazard ratio" OR "relative risk" OR "attributable risk" OR association OR risk OR associated OR population) NOT 
